OBJECTIVES: Spiral ganglion (SG) counting is used in experimental studies conducted on age-, noise-, and drug-induced sensorineural hearing loss, as well as in the assessment of cochlear implant performances. Different methods of counting have been reported, but no definite standardization of such procedure has been published. The aim of our study is to identify the best method to count human spiral ganglions (SGs).
INTRODUCTION
The spiral ganglions (SGs) are structures deputed to conduct sound-evoked neural activity from inner ear hair cells (IHCs) to the central nervous system. Approximately 95% of SGs' auditory nerve fibers form synapses with IHCs, whereas about 5% with outer hair cells (OHCs) [1] .
The SGs can be damaged by noise [2] [3] [4] [5] [6] [7] , drugs [8] [9] [10] [11] , electromagnetic radiation [12] , oxidative stress, and aging [3, 13, 14] . The reduction of SGs may affect the quality of sound perception, and more importantly, word discrimination in humans.
Recently, Liberman and Kujawa [15, 16] have highlighted the extreme vulnerability of the afferent synapses and type I SG neurons that contact IHCs; their data suggest that the most vulnerable structures are the afferent terminals of the IHCs that connect to type I auditory nerve fibers and SGs [10, [15] [16] [17] .
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Nucleolus vs Nucleus Count for Identifying Spiral Ganglion in Human Temporal Bone
The identification and count of SGs is widely used in experimental studies conducted on age- [18] [19] [20] [21] , noise-, and drug-induced sensorineural hearing loss [22] , as well as on laboratory tests on otoprotective drugs [23, 24] . The number of preserved SGs is also considered an important factor to improve performances in subjects with cochlear implant [25] [26] [27] . The correct identification and count of SGs has a relevant role in basic and clinical research.
A technique for SGs count was first described by Schuknecht [28] in 1978, and then by Merchant [29] and Nadol et al. [30] several years later. The SGs in human temporal bones (TBs) resemble fried eggs; they contain one nucleus (mean diameter: 10 µm) that has a nucleolus inside it (mean diameter: 2.5 µm) [30] . The counting of SGs is usually based on the identification of cells' nuclei, but because of the large diameter of nuclei, this method is associated with a high risk of cell double-counting. In fact, a nucleus that belongs to the same spiral ganglion (SG) may be present in two different sequential tissue sections (cut at a 10 µm distance between one and the other) because of its diameter. To avoid the bias due to double counting of structure on different planes and to section preparation, some correction coefficients have been identified [29, [31] [32] [33] . The correction coefficients consider the sections' thickness and the diameter of the structure (nucleus or nucleolus). Despite such coefficients, the exact counting of SGs remains imprecise.
Some authors proposed to count nucleoli rather than nuclei because the smaller diameter of nucleoli may reduce the risk of cell double-counting [31] . Nowadays, the choice between counting nuclei or nucleoli is personal, and is mainly related to the habit and experience of the researcher, which makes the comparison among different studies on this topic extremely unreliable.
The differences between the two methods (nuclei versus nucleoli count) have never been reported in the literature. Moreover, the effect of specimen preparation details (such as timing of bone post-mortem removal, tissue fixation, and coloring) has also never been investigated.
The aims of this study were to (a) identify the easier and more accurate method (nuclei versus nucleoli) to count SGs in human TBs, thereby comparing the results obtained by senior and junior researchers, and (b) identify one or more variables in patient character-istics and specimen preparation that may modify the identification of nucleoli in SGs. A possible standardization of SGs counting procedure is proposed.
MATERIALS and METHODS
This study has been approved by the ethical committee of the hospital; all study procedures were conducted in accordance with the declaration of Helsinki and Institutional Review Board regulations. Informed consent was signed by donors before temporal bone (TB) removal.
Seven different researchers with different experience levels analyzed 123 TBs from 67 adults.
The senior researchers (n=3) had 3-year experience in this field, whereas the juniors (n=4) had 1-year experience. All researchers analyzed the same slides.
Bone decalcification was performed using trichloroacetic acid (TCA) or ethylenediaminetetraacetic acid (EDTA), whereas specimen fixation was done using formalin (10%).
A Zeiss light microscope with 20× and 40× magnifications was used. An ocular grid was applied on the microscope for increasing the accurancy during the count of SGs.
The presence of nucleoli inside the nuclei was counted in the SGs along the cochlear Rosenthal canal (RC), as previously described by Merchant [29] and Nadol et al [30] . The RC was divided into four segments as follows: (a) segment I, from uncus to the half of cochlea basal turn; (b) segment II, from the end of segment I until the beginning of cochlear middle turn; (c) segment III, corresponding to the middle turn of the cochlea; and (d) segment IV, corresponding to the cochlear apex (Figure 1 ). The identification of nuclei and nucleoli was based on their size and position inside the SG: nuclei are bigger than nucleoli and are less colored; nucleoli are found inside nuclei and have a more intense coloration (Figure 2 ). The prevalent structure (nucleus or nucleolus) in the four segments of RC was recorded; to define a structure as prevalent, it was necessary that it is detectable in >55% of observed SGs.
Nucleolus identification was recorded with a score: 1 if present and 0 if not.
All the TBs studied were stained by hematoxylin-eosin (HE) method.
The seven researchers were aware about the two different count methods, and they analyzed the same sections using a double-blind approach: each investigator counted SGs separately from the other, and nobody knew the number of the specimen and the patient name. For each slice, SGs count was performed by using one or the other method (nuclei and nucleoli) based on the structure that was more identifiable at a 20× magnification. The structures were assessed in each RC segment. To define their presence in the examined cochlea, it was necessary to identify the structure (nucleolus or nucleus) in at least three of the four segments of the RC.
The results of the analysis of each researcher were grouped as per researchers' experience into senior and junior; then the overall results for different levels of experience were compared to evaluate the difference in the ability to identify nuclei or nucleoli. If, at the end of the count, the results of the junior researchers' did not match with those of the seniors, a double check was performed by the senior researcher to confirm the observed data (Table 1) ; the double-blinded method was used only in the first counting round; further, when the count was done, all researchers were made aware of the specimen's details (number and patient name) to allow the comparison of the collected results.
Causes of death, post-mortem time of bone removal, and patients' age were analyzed and eventually correlated with nuclei and nucleoli counting.
Based on the identification of the prevalent structure (nucleus or nucleolus), TBs were divided into two groups: (a) group 1 included the TBs in which nucleoli were identified more frequently than nuclei with a prevalence of 55% in the slide, and (b) group 2 included the TBs with a prevalence of nuclei over nucleoli of >55%. Such groups were analyzed to assess if differences in individual patient or specimen preparation characteristics were present between the groups.
Statistical analysis: It was performed using STATA® (Statacorp, College Station, TX 77845, Stati Uniti). Percentage was calculated, and mean and standard deviation were identified for numerical values. Oneway ANOVA was used to compare the variance between the results obtained by the researchers. Nucleoli count for each segment (I, II, III, and IV) from both groups of researchers were evaluated to understand if there was a variance. Two-tailed t-test was used to evaluate the difference between nucleoli and nuclei identification in the count method. Spearman's test was used to identify the correlation between the method used and presence of nucleoli; time of bone removal (<12 h or >12 h) and nucleoli identification; sex and nucleoli identification and age and nucleoli presence. Chi-square test was used to evaluate if the causes of death may determine differences in nucleoli identification. A p<0.05 was considered statistically significant. (1) or nuclei (0) in the different segment of human cochlea. When the researcher reported a doubt result, the data was collected as 0/1. In the last column on the right the general identification of nucleoli or nuclei by considering the TB in toto. In case of presence of nucleoli (or nuclei) in at least 3 on 4 segments of TB we considered an overall of nucleoli (or nuclei). 
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RESULTS
Nucleoli versus Nuclei Count
Nuclei were identified in all cases (100%), whereas nucleoli were identified in 61% Figure 3 ).
Differences between junior and senior researchers were observed in nucleoli count. Junior investigators requested a double check by senior researchers in 18.7% of cases to confirm the identification of nucleoli: in 11.4% of cases for segment I (n=14), 1.6% for segment II (n=2), 1.6% for segment III (n=2), and 4.1% for segment IV (n=7). The senior researcher group had no doubts in nucleoli identification in any segment analysis. The difference between the results obtained by junior and senior researchers was statistically significant only for segment I (ANOVA: p=0.03), whereas non-significant difference was found for segment II (ANOVA: p=1), segment III (ANOVA: p=0.5), and segment IV (ANOVA: p=0.7). Considering the overall (segments I-IV) nucleoli count for each cochlea, the difference between junior and senior researchers was not statistically significant (ANOVA p=0.5). For identifying nucleoli, 20× magnification was used in 89.4% of cases (n=110), whereas 40× magnification was necessary in 10.6% of cases (n=13).
Specimen Characteristics
No significant correlation was found between decalcification methods used (TCA or EDTA) and the capacity to identify nucleoli (Spearman: P=0.9).
The coloration method was always the same, but the operator changed during the years, leading to a variation related to human bias. Post-mortem time of bone removal was <12 hours in the nucleoli group (mean: 5.9; SD: 2.4) in 54% of cases, whereas it was <12 hours in 47% the nuclei group (mean: 7.8; SD: 2.8). Post-mortem time was equally distributed between the two groups (t-test: p >0.05), which made our sample homogeneous. A higher identification rate of nuclei and nucleoli was found in case of bone removal <12 h rather than longer post-mortem time (>12 h) (Spearman: p<0.001).
Individual Characteristics of Subjects
In this study, the authors included 123 TBs extracted from 67 adults with a mean age of 69 years (range: 19-92) (Figure 4 ). The variation in the expected number of TBs (134) was due to the limited availability of both TBs from the same subject in some cases, in fact sometimes only a single TB was available.
The age was not statistically correlated with the visibility and the identification of nucleoli (Spearman: p=0.24).
Sample was equally divided with respect to sex (36 men: 52%; 33 women: 48%). Female sex was statistically correlated with the visibility and identification of nucleoli (Spearman: p=0.01).
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Di Stadio et al. Spiral Ganglion Count in Temporal Bones Cardiovascular diseases were the most common cause of death in group 2 (35%), followed by cancer (30%) and infection (19%). In group 1, cancer (35%) and cardiovascular diseases (35%) were the most common causes of death, followed by infections in 14% of cases ( Figure 5 ).
No significant correlation was found between the different causes of death and the nucleolus identification (χ: p=0.7)
DISCUSSION
Main Difficulties in Nucleoli Identification
Our study shows no statistically significant differences in counting nucleoli or nuclei between expert and junior researchers; however, in 18.7% of cases, junior researchers requested a double check by seniors to confirm the identification of nucleoli. The nuclei identification and count did not show percentage of doubt because of the larger size that simplifies the identification [29, 30, 34] in particular by the junior researchers.
The bigger size of nuclei allows their identification on lower magnification compared with that necessary for nucleoli, and researchers did not need to change magnification during the count, thereby simplifying and speeding up the count process.
Alternatively, in this study, nucleoli identification was sometimes extremely difficult for younger researchers; however, nuclei were always visible even when the nucleoli were identified (100%). Because of the small volume of the nucleoli and their different position on the specimens (higher or lower in the section), it was often necessary to change microscope focus to identify them, and eventually use a 40× magnification. Such magnification could explain why nucleoli were slightly more identifiable in all four segments compared to nuclei (92% versus 83.7%). Furthermore, we considered the presence of nucleoli as on/off. Therefore, when nuclei were identified in all four segments (83.7%), it was understood that the remaining structures were nucleoli. It is also relevant to state that every time nucleoli were observed, the nuclei were also identifiable, meaning that nuclei were always observable in all four segments in 100% of TBs.
Differences between Junior and Senior Researchers
The junior researcher group required a double check from senior investigators to identify nucleoli, especially in the basal (segment I) and apical (segment IV) turn of the cochlea; this was probably related to the bone conformation of these segments which makes nucleoli identification more difficult in such areas. The senior researchers never showed doubts in identifying the nucleoli. This confirms the hypothesis that experience is the most relevant element in such analysis. Our data reported an overall identification rate of 61% for nucleoli and 100% for nuclei in the observed specimens. However, the statistical analysis comparing the results obtained by the researchers showed no significant difference in this count.
Variables Associated with TBs Preparation
The analysis of the methodology (fixation and decalcification) used to prepare TBs showed no significant influence of TBs preparation methods on nucleoli/nuclei identification rate, supporting the idea that this factor is not relevant to make nucleoli identification easier. The only parameter able to modify nucleoli identification rate in TB preparation technique was bone removal within 12 h after death. This agrees with the study by Kujawa et al. [15] who attributed such result to the oxidative phenomena acting on human tissue and inducing its deterioration along with increasing post-mortem time [22, 35] .
Variables Associated with Patients' Characteristics
Specific human tissue features, such as tissue acidity, may affect color absorption and therefore, nucleoli identification on histologic examination.
Our results show that it was easier to identify nucleoli in women than in men. We speculate that this could be correlated to the difference in food habits between women and men [36] . In fact, women prefer fruits and vegetables, which have an acid pH. This habit may affect the systemic pH concentration [37] and may explain the reason why nucleoli were more detectable in women than in men.
The acid-base reaction is also affected by protein concentration: some proteins are acidic as aspartate for example; therefore, an increase in protein concentration can explain the variation (more intense on hematoxylin reaction) in nucleoli coloration [38, 39] . Stan et al. [31] showed that RNA integrity is the best indicator of human tissue preservation. This parameter overlaps protein concentration and affects pH, and consequently, tissue coloration. Gadaleta et al. [40] showed a decrease in protein concentration in nuclear structures during the aging process [40] , although we did not observe any correlation between nucleoli identification rate and patients' age.
Nicolas et al. [41] and Orsolic et al [42] also showed that cancer can increase protein concentration within nucleoli. Our sample showed that a high number of subjects died of cancer (70%), although the percentage of death caused by cancer was similar in both groups (nucleoli and nuclei). Furthermore, we did not find any significant difference in death causes between nucleoli and nuclei groups. We believe this can be related to the limited number of subjects involved in this study, which did not reach a sufficient power for statistical analysis.
Another factor potentially affecting nucleoli/nuclei coloration is the operator: eosin concentration may differ among various technicians, which can determine a change in color intensity from pink to violet. In the violet coloration, nucleoli appear darker than nuclei, which makes them visible on a low-magnification microscope as well. When the coloration is blue, nucleoli identification is more difficult, thus requiring a higher magnification ( Figure 6 ). The standardization of preparation techniques should be underlined to make the results of different studies comparable.
Study Limitations
The lack of standardization in the TB preparation may have introduced a bias in nuclei/nucleoli counting procedure of our study. In particular, HE coloration has some limitations that are operator dependent: (a) the quantity of eosin varies and depends on the operator's experience and habits; (b) variations of hematoxylin concentration can modify color nuances from blue to violet, thus affecting nuclei/nucleoli identification. The same is valid for the decalcification method that may be affected by subject characteristics and operator experience and habits.
CONCLUSION
The identification of nucleoli in human TBs may be more difficult than nuclei because of the difference in coloration and size of these structures. In this study, nuclei identification was possible in all the cases. Because of the risk of cell double-counting, the correction factor suggested by Schuknecht [28] and Nadol et al. [30, 32] should be applied to determine the correct number of SG cells when using the nuclei identification procedure. Based on the results of this study, we suggest using nuclei count because of their easier recognition in all tissue conditions, especially when the researcher has a limited experience.
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